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ABSTRACT  
Watters, Kayla Christine. M.S. Department of Biological Sciences, Wright State 
University, 2018. Community Structure and Epizootic Infection Prevalence of Northern 
Wisconsin Anurans. 
 
 Amphibian populations are declining globally at historically rapid rates, and while 
a multitude of factors have contributed to amphibian population declines, emerging 
infectious diseases, such as chytridiomycosis and ranavirus have been linked to a large 
proportion of the reported amphibian mass mortality events. Distribution and infection 
prevalence data for chytridiomycosis and ranavirus are lacking, and effective surveillance 
is crucial. This project aims to describe anuran richness, relative abundance, habitat 
occupancy, and community structure and to identify the chytridiomycosis and ranavirus 
infection prevalence rates of the anuran population at Dairymen’s Inc. Wood frogs, 
spring peepers, boreal chorus frogs, northern leopard frogs, gray treefrogs, American 
toads, green frogs, mink frogs, and American bullfrogs were the nine anuran species that 
were recorded in Vilas County, Wisconsin. The infection prevalence rates of Bd and frog 
virus 3 were 11 ± 5.6 with 95% C.I. and 0%, respectively. This study is the first to report 
the presence of Bd-infected anurans in Vilas County, however further research is needed 
to provide reliable frog virus 3 infection rates in this county. 
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I. INTRODUCTION 
 In much of the world, including North America, amphibian populations are in 
decline (Houlahan et al., 2000; Stuart et al., 2004; IUCN, 2016).The severity and large 
geographic scale of declines in concurrence with the ecological importance of 
amphibians has been coined as one of the greatest conservation issues of the 21st century 
(Alford et al., 1999; Daszak et al., 1999; Wake & Vredenburg, 2008). Habitat 
modification and destruction (Cushman, 2006), global climate change (Pounds et al., 
2004; Altizer et al., 2013), environmental contaminants, commercial over-exploitation, 
introduced species (Daszak et al., 2004; Hanselmann et al., 2004; Beebee & Griffiths, 
2005; Garner et al., 2006; Eskew et al., 2015), and emerging infectious diseases (Fisher et 
al., 2012) have been associated with global amphibian declines (Pounds et al., 2006). 
Among the many factors responsible for amphibian declines, emerging infectious 
diseases such as chytridiomycosis and ranaviral infections have been increasingly 
reported as significant determinants of amphibian mass mortality events (Berger et al., 
1998; Gray et al., 2009; Kilpatrick et al., 2010; Miller et al., 2011; Lesbarrères et al., 
2012).  
Although the spread of chytrid fungus and ranavirus can be exacerbated by 
anthropogenic disturbances such as habitat fragmentation and destruction (Stuart et 
al.,2004; Hamer & McDonnell, 2008), the presence of ranavirus and chytrid fungus in 
seemingly untouched areas has led to alternate hypotheses about their transmission routes 
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(Berger et al., 1998; Kirshtein et al., 2007; Skerratt et al., 2007). For instance, 
non-anuran animals can act as vectors (Johnson & Speare, 2005; Garmyn et al., 2012) 
and global climate change has been shown to modify pathogen and host distributions 
(Pounds et al., 2006) as well as virulence and vulnerability (Rojas et al., 2005; Altizer et 
al., 2013). Widespread reporting systems of prevalence rates and global mapping of the 
distribution of chytridiomycosis and ranaviral infections are thus vital to identify possible 
facilitators of disease transmission (Olson et al., 2013).  
CHYTRIDIOMYCOSIS 
The emergence of Batrachochytrium dendrobatidis (Bd), the fungus responsible 
for chytridiomycosis, is known to be a key driver of amphibian species declines and 
extinctions (Berger et al., 1998; Stuart et al., 2004; Johnson, 2006; Gascon, 2007; 
McCallum, 2007; Skerratt et al., 2007; Wake & Vrendenberg, 2008). Bd was first 
described as a species in the late 1990s (Longcore et al., 1999), and our basic biological 
understanding of this novel pathogen is still lacking (Fisher et al., 2009; Garner et al., 
2009). One factor contributing to the spread of Bd is its unusually wide host-range 
(Briggs et al., 2010). Ecosystem stability and function could be altered from the declines 
of multiple host species infected with Bd (Colon-Gaud et al., 2009). Thus, the potential of 
Bd to act in concert with other anthropogenic drivers may devastate biological 
communities and significantly contribute to the continuing mass extinction crisis (Wake 
& Vrendenberg, 2008).  
The recognition of Bd as an invasive species and emerging infectious disease has 
led to Bd being labelled as a notifiable disease by the World Organization of Animal 
Health in 2009. Data on the distribution and infection prevalence of chytridiomycosis are 
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lacking and effective surveillance is crucial to determine emerging processes, patterns, 
and mechanisms that may have contributed to the rapid emergence or continue to 
contribute to the ongoing spread of Bd (Olson et al., 2013). 
FROG VIRUS 3 
Ranaviruses, of the genus Ranavirus and family Irodovirdae, encompass another 
important group of amphibian pathogens. These large, linear, double-stranded DNA 
viruses are known to infect amphibians, reptiles and fish, and are often highly virulent. 
Ranavirus-associated amphibian mortalities have been reported on five continents, across 
all latitudinal ranges (Duffus et al., 2008; Gray et al., 2009). The greatest number of 
reported amphibian mass-mortalities is from North America, where ranaviruses are 
responsible for mortality events in 3 Canadian provinces and over 20 states in the USA 
(Green et al., 2002; Greer et al., 2005; Muths et al., 2006; Gray et al., 2009).  
Ranaviruses can cause annual mass mortality events (Brunner et al., 2004), which 
in turn affect the probability of species persistence and population structure. This threat is 
especially high for rare species or declining populations, where recurrent failed 
recruitment could result in local extirpation. 
Detection and distribution mapping of Bd and ranavirus infections is crucial to our 
understanding of the epidemiology and ecology of these amphibian pathogens (D’Aoust-
Messier et al., 2015). Screening in areas outside of biological hot spots will help us to 
better identify transmission corridors and potential vectors of these pathogens. This 
information will aid in propositions and implementations of conservation strategies which 
support regional biodiversity security (Olson et al., 2013). 
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SPECIES RICHNESS, RELATIVE ABUNDANCE, AND COMMUNITY 
STRUCTURE 
In synchrony with the importance of detecting and mapping the spread of 
panzootic amphibian diseases, such as chytridiomycosis and ranavirus, the composition 
of a complete inventory of anuran species is also imperative. Such species inventories are 
useful for creating a baseline to be used in future monitoring studies and to identify 
potential hotspots of species richness within an area. Anurans are thought to be good 
indicator species (Hamer et al., 2004) because they are sensitive to changes in both 
aquatic and terrestrial habitats. In the egg and larval stages of their lifecycle, anurans are 
highly sensitive to changes in water chemistry (Gerlanc & Kaufman, 2005; Taylor et al., 
2005), and as adults anurans use terrestrial habitats for dispersal and feeding.  A quick 
response to environmental stressors in aquatic and terrestrial habitats, owing in part to 
their highly permeable skin, also contributes to why anurans are typically characterized 
as good indicator species. The inventory and monitoring of these indicator species can 
provide useful information about overall health of habitats. Inventory data on indicator 
species can be extremely useful, as it can be used to rank the importance of habitats or 
microhabitats, resulting in the potential for the implementation of better management 
strategies. 
OBJECTIVES 
Dairymen’s Inc. is a privately owned 25 km
2
 property located in Vilas County, 
Wisconsin. The property is home to a variety of suitable frog and toad habitats, and 
details on community structure and disease infection rates will enable land managers to 
implement conservation policies to protect anuran species. This project aims to describe 
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anuran richness, relative abundance, habitat occupancy, and community structure and to 
identify the chytridiomycosis and ranavirus infection prevalence rates of the anuran 
population at Dairymen’s Inc.  
Although a study found that frogs tested negative for chytrid near Vilas County, 
Wisconsin in the 1960s (Ouellet et al., 2005), testing on Dairymen’s Inc. has not 
occurred, and these county data are well outdated. Ranavirus and chytrid infection 
prevalence rates in Wisconsin are generally lacking, although studies of nearby states and 
provinces indicate that the pathogens may be in the area. Bd has been detected in Canada 
(Schock et al., 2010; D’Aoust et al., 2015), and ranavirus has been detected in Ohio 
(Homan et al., 2013) and the Northwest Territories of Canada.
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II. METHODS 
STUDY SITE  
The study was conducted on Dairymen’s Inc. (46.15˚N, 89.67˚W), a privately 
owned 25 km
2
 property located in Vilas County, Wisconsin. The property is home to a 
many suitable frog and toad habitats, including oligotrophic lakes, wetlands, streams, and 
ephemeral ponds (Fig. A1).  
ANURAN CALL SURVEYS 
Anuran call surveys were conducted as an index of relative abundance and 
estimate of species richness at each of eighteen survey sites. A series of call surveys were 
conducted in May and July 2017, to coincide with the breeding seasons of northern 
Wisconsin anurans (Table 1). Surveys were conducted at eighteen single survey sites on 
Dairymen’s Inc. in Vilas County, Wisconsin (Table A1). Survey sites were located at 
each of the seven named lakes on the property, and several of the smaller lakes, streams, 
and ephemeral ponds to account for species that reproduce in permanent and temporary 
bodies of water. Of the eighteen breeding sites that were surveyed, 14 included 
permanent bodies of water such as lakes, marshes, or streams, and four were temporary 
bodies of water such as ephemeral ponds. Each survey site was surveyed three times for 
spring breeders, and three times for summer breeders. Sites were organized 
geographically into two routes to expedite call surveys. Each route encompassed nine 
survey sites and was surveyed every other night for a total of six nights of surveys per 
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breeding season. Spring breeders were surveyed May 9-14, 2017 and summer 
breeders were surveyed July 2-8, 2017.  
Frog and toad calls were recorded using a parabolic dish and the TW Recorder 
app on a cell phone (Apple iPhone 6). Anurans were identified to species based on their 
species-specific calls during surveys, and all data collected during the survey were 
verified from the recording at a later date.  Call survey data, which included species 
present, maximum call intensity index, temperature, weather conditions, and time, were 
also logged on a call survey sheet (Figure A2) during each survey.  To ensure all animals 
had recovered from observer disturbance, the call survey began once frogs and toads have 
begun to call after arrival to the survey site. In accordance with the North American 
Amphibian Monitoring Program (NAAMP) protocol, each call survey lasted 
approximately five minutes and was conducted between sundown and three hours after 
sundown. Surveys were conducted when the weather was calm (winds less than 20 kph) 
and water temperatures were above stipulated minima for each season (10˚C for early 
spring and 15.5˚C for early summer) (Weir and Mossman, 2005). Call intensity was 
ranked according to the number of individual males calling, as described in Table 2.  
ANURAN SKIN SWABBING 
In order to determine disease prevalence in the anuran community, we captured 
and swabbed the skin of frogs on the property from 7/2/17 – 7/8/17.  Frogs were found 
opportunistically, walking through suitable habitats and around the perimeter of possible 
breeding sites along the Wolf Lake Creek survey site. Frogs were caught using nets and 
sampled using a standard swabbing protocol. Specifically, each frog was swabbed with a 
synthetic swab for a total of 30 strokes: five strokes on each hind foot and between toes, 
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five strokes on the thigh of each hind leg, and five strokes on each side of the abdomen 
on the ventral side (Hyatt et al., 2007; Gray et al., 2012). A total of 100 frogs were caught 
from the Wolf Lake Creek location. To prevent disease transmission and cross-
contamination, disposable gloves were changed between each animal that was swabbed. 
Swabs were stored in separate vials and labelled with a sample number. For each frog 
caught, the sample number, date and time caught, time released, species, life stage, and 
condition of the frog were recorded. Each frog was examined for any gross anatomical 
abnormalities or lesions that are associated with chytridiomycosis and ranaviral disease 
(Berger et al., 1998) prior to skin swabbing and this was recorded with the sample 
number data. Of the 100 frogs that were caught, 93 were green frogs, 2 were spring 
peepers, 2 were wood frogs, and 3 were American bullfrogs (Table 1). 
PCR and GEL ELECTROPHORESIS 
Synthetic swabs were transported to the lab for analysis. DNA was extracted from 
synthetic swabs using Qiagen DNeasy Blood and Tissue kits (Qiagen Inc., Valencia, 
California, USA). Tools and countertops were bleached between each sample to ensure 
that no cross-contamination occurred. A random subset of fifteen DNA extracts were 
chosen to test for the presence of nucleotides via a NanoDrop 1000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, Massachusetts, USA) prior to polymerase chain 
reaction (PCR) analysis. After verifying that the random subset of 15 DNA extracts from 
the samples contained nucleotides, the presence of Bd and/or FV3 was then determined 
using PCR and gel electrophoresis.  
For FV3, a primer pair known to successfully amplify a portion of the major 
capsid protein within the frog virus 3 genome was used: MCP-ranavirus-F (5’-
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GACTTGGCCACTTATGAC-3’) and MCP-ranavirus-R (5’-
GTCTCTGGAGAAGAAGAA-3’) (Mao et al., 1997). Amplification reactions consisted 
of 2 μl DNA, 1.25 μl MCP-ranavirus-F primer, 1.25 μl MCP-ranavirus-R primer, 5 μl 5X 
green buffer, 0.5 μl dNTP mixtures, 0.125 μl of GoTaq DNA polymerase, and 4.875 μl of 
nuclease-free water, for a total volume of 15 μl per reaction. The amplifications were 
performed in a Mastercycler EP Gradient 384 thermocycler (Eppendorf North America, 
Hauppauge, New York, USA) with the following steps: an initial denaturation at 94˚C for 
5 minutes followed by 28 cycles of 1 minute at 94˚C, 2 minutes at 45˚C, and 3 minutes at 
55˚C. A final extension at 55˚C for 5 minutes completed the amplifications. 
To test for the presence of Bd, a primer set known to successfully amplify a 
portion of the ITS1 and ITS2 region within the Bd genome was used: Bd1a (5’-
CAGTGTGCCATATGTCACG-3’) and Bd2a (5’-CATGGTTCATATCTGTCCAG-3’) 
(Annis et al., 2004).  Amplification reactions consisted of 2 μl DNA, 1.25 μl Bd1a 
primer, 1.25 μl Bd2a primer, 5 μl 5X green buffer, 0.5 μl dNTP mixtures, 0.125 μl  
GoTaq DNA polymerase, and 4.875 μl of nuclease-free water, for a total volume of 15 μl 
per reaction. The amplifications were performed in a Mastercycler EP Gradient 384 
thermocycler (Eppendorf North America, Hauppauge, New York, USA) with the 
following steps: an initial denaturation at 93˚C for 10 minutes followed by 30 cycles of 
45 seconds at 93˚C, 45 seconds at 60˚C, and 1 minute at 72˚C. A final extension at 72˚C 
for 10 minutes completed the amplifications. 
Amplification products, a DNA ladder, a Bd positive sample, and a FV3 positive 
sample were separated by electrophoresis on 2% agaraose gels. Products were then 
visualized by SYBR® Green nucleic acid staining, and images were digitally captured for 
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documentation and analysis. The presence of bands that were the size of the DNA 
fragments produced from the primers in samples (533bp fragment for FV3 and 300bp 
fragment for Bd) were used as indicators as to whether the samples were positive or 
negative for the corresponding pathogen.  
DATA ANALYSIS 
Species richness and relative abundance 
Species richness was described as the total number of unique species recorded 
during each season at Dairymen’s Inc. The maximum call index value for each survey 
site was used when describing the annual and seasonal relative species abundances 
(Knutson et al., 1999; Paloski et al., 2014).  
Community structure 
Anuran species were grouped into guilds to examine how species with similar 
life-history characteristics were related to landscape features. The guilds were based on 
preferred habitat use during the breeding season (permanent or temporary water sources). 
The percent proportion of the breeding anuran community was calculated for each 
breeding guild to describe the proportion of the anuran community that was recorded in 
temporary vs. permanent water sources.  
Bd and frog virus 3 infection prevalence 
  Disease prevalence was calculated by dividing the number of positive samples for 
each pathogen by the total number of samples. 95% confidence intervals were calculated 
for the disease prevalence. 
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Table 1. Northern Wisconsin anuran species names, preferred breeding period, and 
breeding guild associations (P = permanent water sources, T = temporary water sources) 
(Paloski et al., 2014) 
Scientific name Common name Breeding 
Period 
Breeding Guild 
Assoiciation 
Lithobates sylvaticus Wood Frog April-May P 
Pseudacris crucifer Spring Peeper April-May T 
Pseudacris maculata Boreal Chorus Frog April-May T  
Lithobates pipiens Northern Leopard Frog April-June P, T 
Anaxyrus americanus American Toad May-July P, T 
Hyla versicolor Gray Treefrog May-July P, T 
Lithobates septentrionalis Mink Frog June-August P 
Lithobates clamitans Green Frog June-August P 
Lithobates catesbeianus American Bullfrog June-August P 
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Table 2. Call index of relative abundance and criteria for anuran call surveys. 
Call Index Criteria 
1 Individuals can be counted; there is space between calls (no 
overlapping of calls 
2 Calls of individuals can be distinguished but there is some 
overlapping of calls 
3 Full chorus. Calls are constant, continuous, and overlapping; 
individual calls cannot be distinguished 
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III. RESULTS 
SPECIES RICHNESS AND INDEX OF RELATIVE ABUNDANCE 
During the spring breeding season, a total of six different species of anurans were 
recorded calling at survey sites. These species included wood frogs, spring peepers, 
boreal chorus frogs, northern leopard frogs, American toads, and gray treefrogs. Of these 
species, the spring peepers, boreal chorus frogs, and gray treefrogs were the most 
common. They were each recorded at 13 of the 18 survey sites and were typically 
recorded at the same sites. Northern leopard frogs were recorded at 6 of the 18 survey 
sites, and American toads were heard calling at 3 of the 18 survey sites. Wood frogs were 
only heard calling at the Beaver Dam survey site. No frogs were heard calling at the 
Jenny Lake, Wolf Lake, Bear Lake Picnic Spot, or Home Lake survey sites (Table 3). 
The maximum call index among all survey sites was rated as 3 for wood frogs, 
spring peepers, boreal chorus frog, and American toad during the spring breeding season. 
The maximum call index among all survey sites was rated as 2 for gray treefrogs and 
northern leopard frogs.  
For the summer 2017 breeding season, a total of six different anuran species were 
recorded calling at survey sites. These species included spring peepers, northern leopard 
frogs, gray treefrogs, mink frogs, green frogs, and American bullfrogs. Of these species, 
green frogs were the most common and were recorded at 13 of the 18 survey sites. Mink 
frogs, northern leopard frogs, and American bullfrogs were the next most common 
species, and were recorded at 10 of the 18 survey sites. Gray treefrogs were recorded at 5 
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of the 18 survey sites. Spring peepers were only heard calling at the Bear Lake 
Warming House survey site. No frogs were heard calling at the Jenny Lake Ephemeral 
Pond #2 or Flora Lake Ephemeral Pond survey sites during the summer breeding season 
(Table 4). 
During the summer breeding season, the maximum call index among all survey 
sites was rated as 3 for northern leopard frogs, mink frogs, green frogs, and American 
bullfrogs. The maximum call index among all survey sites was rated as 2 for spring 
peepers and gray treefrogs. 
A total of nine anuran species were heard calling at the Dairymen’s property in 
Boulder Junction, Wisconsin during the year of 2017. Of the nine species, gray treefrogs 
were the most common and were heard at 14 of the 18 survey sites. Spring peepers, 
boreal chorus frogs, northern leopard frogs and green frogs were recorded at 13 of the 18 
survey sites. Mink frogs and American bullfrogs were recorded at 10 of the 18 survey 
sites. American toads recorded at three survey sites and wood frogs were only recorded at 
one survey site (Table 5). 
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Table 3. Spring 2017 Dairymen’s, Inc. Frog and Toad Species Matrix. The maximum call 
index value (1, 2, 3) is indicative of how many individuals were recorded calling at each 
of the survey sites. 
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Survey Site          
Jenny Lake          
Sanford Lake  3 3   2    
Pot Hole #2   2  3     
Bluegill Lake  3 3   3    
Flora Lake  2    1    
Wolf Lake          
Bear Lake (Picnic Spot)          
Bear Lake (Warming House)  3 3   2    
Home Lake           
Wolf Creek  2 3 1  1    
Casino Bridge  3 3 1 3 1    
Garlic Mustard Alders  3 3   1    
Beaver Dam 3 3 3  3 2    
Marsh Walk  3 3   2    
Jenny Lake Ephemeral Pond #2  3 3 1  1    
Jenny Lake Ephemeral Pond #1  3 3 1  2    
Bluegill Lake Ephemeral Pond  3 3 2  2    
Flora Lake Ephemeral Pond  3 3 1  2    
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Table 4. Summer 2017 Dairymen’s, Inc. frog and toad species matrix. The maximum call 
index value (1, 2, 3) is indicative of how many individuals were recorded calling at each 
of the survey sites. 
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Survey Site          
Jenny Lake    1   2 2 2 
Sanford Lake    1   1 3 1 
Pot Hole #2    1   2 3 1 
Bluegill Lake    1   2 3 3 
Flora Lake    3   2 3 3 
Wolf Lake        1  
Bear Lake (Picnic Spot)        1 2 
Bear Lake (Warming House)  2  3  2 3 3 3 
Home Lake       2    
Wolf Creek    1   2 3 3 
Casino Bridge    1    1  
Garlic Mustard Alders      1    
Beaver Dam       2 2 1 
Marsh Walk    1  2 2 3 3 
Jenny Lake Ephemeral Pond #2          
Jenny Lake Ephemeral Pond #1    1   2 2  
Bluegill Lake Ephemeral Pond      2    
Flora Lake Ephemeral Pond          
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Table 5. Annual (Spring and Summer) Dairymen’s, Inc. frog and toad species matrix in 
2017. The maximum call index value (1, 2, 3) is indicative of how many individuals were 
recorded calling at each of the survey sites. 
 
W
o
o
d
 F
ro
g
 
S
p
ri
n
g
 P
ee
p
er
 
B
o
re
al
 C
h
o
ru
s 
F
ro
g
 
N
o
rt
h
er
n
 L
eo
p
ar
d
 F
ro
g
 
A
m
er
ic
an
 T
o
ad
 
G
ra
y
 T
re
ef
ro
g
 
M
in
k
 F
ro
g
 
G
re
en
 F
ro
g
 
A
m
er
ic
an
 B
u
ll
fr
o
g
 
Survey Site          
Jenny Lake    1   2 2 2 
Sanford Lake  3 3 1  2 1 3 1 
Pot Hole #2   2 1 3  2 3 1 
Bluegill Lake  3 3 1  3 2 3 3 
Flora Lake  2  3  1 2 3 3 
Wolf Lake        1  
Bear Lake (Picnic Spot)        1 2 
Bear Lake (Warming House)  3 3 3  2 3 3 3 
Home Lake       2    
Wolf Creek  2 3 1  1 2 3 3 
Casino Bridge  3 3 1 3 1  1  
Garlic Mustard Alders  3 3   1    
Beaver Dam 3 3 3  3 2 2 2 1 
Marsh Walk  3 3 1  2 2 3 3 
Jenny Lake Ephemeral Pond #2  3 3 1  1    
Jenny Lake Ephemeral Pond #1  3 3 1  2 2 2  
Bluegill Lake Ephemeral Pond  3 3 2  2    
Flora Lake Ephemeral Pond  3 3 1  2    
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COMMUNITY STRUCTURE AND HABITAT OCCUPANCY 
During the spring 2017 breeding season, spring peepers, boreal chorus frogs, and 
gray treefrogs were recorded at 64% of permanent water survey sites and100% of 
temporary water survey sites. Northern leopard frogs were recorded at 14% of the 
permanent water sites surveyed, and 100% of the temporary water sites that were 
surveyed. The other two species that were recorded during the spring breeding season, 
wood frogs and American toads, were only recorded at breeding sites in permanent 
bodies of water. Wood frogs were recorded at 7% of the permanent water survey sites, 
and American toads were recorded at 21% of the surveyed permanent water sites. Four of 
the six recorded spring breeding species were recorded at temporary water sources, while 
all six were recorded at permanent sources of water (Figure 1).  
For the summer 2017 breeding season, northern leopard frogs and mink frogs 
were recorded at 64% of permanent water survey sites and 25% of temporary water 
survey sites. Gray treefrogs were recorded at 29% of permanent water survey sites and 
25% of temporary water source survey sites. Green frogs were recorded at 86% and 25% 
of permanent and temporary water source survey sites, respectively. Spring peepers and 
American bullfrogs were only recorded at permanent water sources during the summer 
breeding season. The percent of permanent water source survey sites in which spring 
peepers and American bullfrogs were recorded was 7% and 71%, respectively. Four of 
the six recorded summer breeding species were recorded at temporary water sources, 
while all six were recorded at permanent water sources (Figure 2).  
In 2017, wood frogs, American toads, and American bullfrogs were only recorded 
calling at permanent water source survey sites at Dairymen’s Inc. Wood frogs, American 
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toads, and American bullfrogs were recorded calling at 7%, 21%, and 71% of permanent 
water source survey sites, respectively. Spring peepers, boreal chorus frogs, and northern 
leopard frogs were recorded at 64% of permanent and 100% of temporary water source 
survey sites. Gray treefrogs were recorded at 71% of permanent and 100% of temporary 
water source survey sites. Mink frogs were recorded at 64% of permanent and 25% of 
temporary water source survey sites. Green frogs were recorded at 86% of permanent and 
25% of temporary water source survey sites. Six of the nine species were recorded at 
temporary water sources, while all nine species were recorded at permanent water 
sources (Figure 3).  
 
 
 
 
 
 
 
 
 
 
20 
 
 
Figure 1. Percentage of sites in which anuran species were recorded calling at permanent 
(n=14) and temporary (n=4) water sources during the spring breeding season. Wood frogs 
(n=1), Spring peepers (n=13), boreal chorus frogs (n=13), northern leopard frogs (n=6), 
American toads (n=3), and gray treefrogs (n=13) were the only six species recorded 
during the spring breeding season.  
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Figure 2. Percentage of sites in which anuran species were recorded calling at permanent 
(n=14) and temporary (n=4) water sources during the 2017 summer breeding season. 
Spring peepers (n=1), northern leopard frogs (n=10), gray treefrogs (n=5), mink frogs 
(n=10), green frogs (n=13), and American bullfrogs (n=10) were the six species that were 
recorded during the summer breeding season. 
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Figure 3. Percentage of sites in which anuran species were recorded calling at permanent 
(n=14) and temporary (n=4) water sources during 2017 (spring and summer).Wood frogs 
(n=1), spring peepers (n=13), boreal chorus frogs (n=13), northern leopard frogs (n=13), 
American toads (n=3), gray treefrogs (n=14), mink frogs (n=10), green frogs (n=13), and 
American bullfrogs (n=10) are the nine species that were recorded calling at Dairymen’s 
Inc. in 2017. 
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BATRACHOCHYTRIUM DENDROBATIDIS AND FROG VIRUS 3 INFECTION 
PREVALENCE 
Of the 100 frogs that were captured, 27 displayed physical abnormalities that are 
typically associated with chytridiomycosis or ranaviral disease, such as inflamed or red 
limbs and groins. Frog Virus 3 was not detected in any of the 100 amphibian skin swabs. 
Bd was detected in 11 of the 100 amphibian skin swabs, suggesting that pathogen 
prevalence was 11% ± 5.6, with 95% C.I. Of the 11 individuals that tested positive for 
Bd, seven displayed clinical symptoms associated with chytridiomycosis and four were 
asymptomatic. Ten of the 11 frogs that were positive for Bd were green frogs and the 
remainder was a wood frog. Twenty of the 79 frogs that tested negative for Bd infection 
displayed clinical symptoms associated with chytridiomycosis.  
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IV. DISCUSSION 
SPECIES RICHNESS AND RELATIVE ABUNDANCE 
The six anuran species that were recorded during the May 2017 sampling period 
are all species that are known to breed during the spring months (April – May) in 
northern Wisconsin. Of these six species, the wood frog was the only species that was 
found to have a low relative abundance, and it was only recorded at one of the eighteen 
survey sites. Since this study is the first to report anuran call survey results on this 
property, it is difficult to assess whether this is due to actual low relative species 
abundance for this species or if we possibly missed this species in our sampling efforts.  
The lack of recorded calls for this particular species may be due to the fact that our 
sampling period may have been a little too late in the season to get an accurate 
description of the relative abundance of this species. Wood frogs are typically the first 
anuran species to begin calling in this area; in fact calls were reported as early as April 
2017 (Tom Rooney, personal communication).  Also, during the summer sampling period 
three wood frogs were captured at the Wolf Lake Creek area although no wood frog calls 
were recorded at this survey site during the spring anuran call survey. The sighting of this 
species without a recording of them at this particular site lends to the notion that this 
species may have been missed in the call survey. Future surveys should be conducted in 
mid-April to better detect this particular species.  
 Of the six anuran species that were recorded during the July 2017 sampling 
period, four are species that are known to breed during the summer months (June-July) 
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and two are species that typically exhibit a springtime breeding phenology. Spring 
peepers and northern leopard frogs were the two species that were recorded calling 
outside of their typical breeding season. Spring peepers have often been reported calling 
outside of their normal breeding season (Mossman  et al., 1998),  and only two 
individuals were recorded during the summer breeding season at one of the eighteen 
survey sites. This finding suggests that the late calling behavior of this species may be an 
outlier amongst the dataset and not a true representation of the spring peeper breeding 
phenology. Northern leopard frogs are also a species that have been reported calling 
outside of their typical breeding season (Pace, 1994); however, the fact that this species 
was recorded at 10 of the 18 survey sites during the July 2017 survey suggests that this 
species may have an extended breeding phenology in northern Wisconsin. Further 
sampling would need to be performed to determine whether this species indeed has an 
extended breeding phenology or if the data collected for this species during the 2017 
sampling were outliers.  
 It is also important to note that while anuran call surveys are a simple and fairly 
effective method of reporting species richness and relative abundance, this method has 
limits. Anuran call surveys only indicate the relative abundance of each species, as this 
method does not account for females, non-breeding males, or larvae; thus the true 
population size of each species cannot be determined using this method. This method is 
also limited in that species that are elusive or those that have a low-pitched call may be 
missed when the calls of other species, such as spring peepers, are dominant. True 
absence of species at survey sites cannot be determined using this method; therefore 
some species may be more common than what is reported here.  
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 Overall, a total of nine anuran species have a known range that extends into 
Boulder Junction, Wisconsin (Mossman et al., 1998), and all nine of those expected 
species were recorded at the Dairymen Inc.’s property in 2017.   
COMMUNITY STRUCTURE AND HABITAT OCCUPANCY 
The finding of six out of nine anuran species at temporary water sources and all 
nine at permanent water sources is unexpected. Of the nine anuran species that were 
recorded at Dairymen’s Inc. in 2017, four are permanent water breeders, two are 
temporary water breeders, and three will breed in temporary or permanent water sources. 
Wood frogs, mink frogs, green frogs, and American bullfrogs are species that are known 
to breed in permanent water sources (Paloski et al., 2014). Of these four species, mink 
frogs and green frogs were also recorded at temporary water sites. There is a possibility 
that these species’ calls may have been picked up from neighboring permanent water 
sources or from males travelling to a permanent water source, as only a small proportion 
of these species were recorded at temporary water source sites. Spring peepers and boreal 
chorus frogs are species that are known to breed in temporary or ephemeral water 
sources; however, the majority of calls from each of these species were recorded at 
permanent water sources. It is very possible that these calls were picked up from 
ephemeral ponds that were adjacent to the permanent water sites. A thorough survey of 
each site was not conducted, so it is impossible to say with confidence whether some of 
the permanent water survey sites had neighboring temporary water sources that would 
account for the species that were recorded outside of their typical breeding habitat. 
Thorough habitat surveys should be conducted prior to future anuran surveys so that 
better conclusions can be made as to the true community composition at Dairymen’s Inc.  
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It is also important to note that this survey may have been biased toward 
permanent water sources, as only four of the eighteen survey sites were located near 
temporary water sources. Future surveys should include more ephemeral pond survey 
sites so that a more conclusive description of temporary water breeders can be made.  
BATROCHOCHYTRIUM DENDROBATIDIS AND FROG VIRUS 3 INFECTION 
PREVALENCE 
The presence of Bd and ranavirus in Vilas County, Wisconsin appeared to be at 
low prevalence rates in July 2017. We detected Bd (11 of 100), but not frog virus 3 (0 of 
100), in anurans tested at the Wolf Lake Creek site. The survey we performed to detect 
disease prevalence was brief and designed to identify pathogen presence, but not 
mortality. It is therefore possible that our single visit to this location failed to capture 
disease-associated mortality events, especially if the pathogens were highly virulent and 
induced rapid mortality prior to our survey. 
Although skin swabbing is the most effective of the minimally invasive sampling 
methods for detecting Bd (Kriger et al., 2006), it is possible that the infection prevalence 
of Bd is higher than what was detected.  Various factors, such as temperature and 
photoperiod (Meyer et al., 2012), are known to influence Bd zoospore shedding rate in 
amphibian skin, and skin swabs only give an indication of the individual’s current 
zoospore shedding rate (Clare et al., 2016). Furthermore, although not all infected 
individuals display symptoms associated with disease (Ouellet et al., 2005), 27 of the 100 
frogs that were tested displayed physical abnormalities that are typically associated with 
chytridiomycosis, which may suggest that Bd infection rates were underestimated. 
Skin swab samples were also used to test for the presence of frog virus 3 in the 
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anuran community at Dairymen’s Inc. Oral swabbing was attempted for frogs that were 
caught to try to increase the likelihood of detecting frog virus 3, but were unsuccessful. 
Although skin swabs can be effective at detecting frog virus 3, this method is associated 
with a high level of false negatives (Gray el al., 2012), and usually only detects pathogen 
presence in association with high viral load. Liver testing is the most reliable form of 
testing for ranavirus (Gray et al., 2012), but this method requires animal euthanasia, 
which we did not wish to implement for this study. A less invasive method for collecting 
internal viral loads would be to swab the cloaca or oral cavity of adult frogs (Pessier and 
Mendelson, 2010), which we did not implement in this study. Frog virus 3 is also most 
virulent in larvae and recently metamorphosed animals (Green et al. 2002; Balseiro et 
al., 2009), and is typically associated with large tadpole die-offs, but we tested adult 
frogs only in this study. In fact, a large tadpole die-off was reported in Vilas county the 
year prior (Gregory Sass, personal communication). The absence of frog virus 3 at the 
time of sampling suggests either true ranavirus absence from our sample locale, or a 
failure to detect the pathogen if prevalence and/or infection intensity in frogs were 
exceptionally low due to a recent mass die-off. The sample type obtained and the fact that 
no larvae were tested leave our finding of no frog virus 3 highly questionable. Future 
studies of ranaviral testing in anurans should consider oral larvae swabs or adult cloaca 
swabs for more reliable results.  
Wolf Lake Creek is frequently visited by guests and fishermen, and the movement 
of potentially contaminated footwear and equipment provides a likely vector for the 
spread of disease among and between lakes and wetland areas. Bd and frog virus 3 
(Johnson and Speare, 2003) can remain viable from days to weeks when protected from 
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high temperatures, desiccation, and microbial action (Johnson & Brunner, 2014; Nazir et 
al., 2012) providing considerable time for spread via fomites. Boat and bait use are 
already restricted at this site, so the best course of action to prevent further spread of 
these pathogens is disinfection of materials exposed to aquatic habitats with ≥ 3.0% 
bleach (Bryan et al., 2009; Webb et al., 2007),  vigilance, and public education. 
Further testing for Bd and frog virus 3 using more reliable sampling methods 
should be considered at other aquatic habitats at Dairymen’s Inc., especially in areas 
where fishing and recreational activities occur, to establish a more conclusive infection 
prevalence of these anuran species.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
30 
 
V. REFERENCES 
1. Alford, R., Bradfield, K., & Richards, S. (1999). Measuring and analyzing 
developmental instability as a tool for monitoring frog populations. Declines and 
disappearances of Australian frogs. Environment Australia, Canberra, 34-43. 
 
2. Altizer, S., Ostfeld, R. S., Johnson, P. T. J., Kutz, S., & Harvell, C. D. (2013). 
Climate change and infectious diseases: From evidence to a predictive 
framework. Science, 341(6145), 514-519. 
 
3. Annis, S. L., Dastoor, F. P., Ziel, H., Daszak, P., & Longcore, J. E. (2004). A 
DNA-based assay identifies Batrachochytrium dendrobatidis in amphibians. 
Journal of Wildlife Diseases, 40(3), 420-428. 
 
4. Balseiro A, Dalton KP, del Cerro A, Marquez I, Cunningham AA, Parra F, 
Prieto JM, Casais R (2009) Pathology, isolation and molecular characterization 
of a ranavirus from the common midwife toad Alytes obstetricans on the Iberian 
Peninsula. Diseases of  Aquatic Organisms, 84, 95–104 
 
5. Beebee, T., & Griffiths, R. (2005). The amphibian decline crisis: A watershed for 
conservation biology? Biological Conservation, 125(3), 271-285.  
 
6. Berger, L., Speare, R., Daszak, P., Green, D.E., Cunningham, A.A…. (1998) 
Chytridiomycosis causes amphibian mortality associated with population declines 
in the rain forests of Australia and Central America. Proc Natl Acad Sci U S A 
95: 9031–9036. 
 
7. Briggs, C. J., Knapp, R. A., & Vredenburg, V. T. (2010). Enzootic and epizootic 
dynamics of the chytrid fungal pathogen of amphibians. Proceedings of the 
National Academy of Sciences of the United States of America, 107(21), 9695-
9700.  
 
8. Brunner, J., Schock, D., Davidson, E., & Collins, J. (2004). Intraspecific 
reservoirs: Complex life history and the persistence of a lethal ranavirus. Ecology, 
85(2), 560-566. 
 
9. Bryan, L., Baldwin, C.A., Gray, M. J., Miller, D. L. (2009).Efficacy of select 
disinfectants at inactivating Ranavirus. Diseases of Aquatic Organsims, 84, 89–
94. 
 
 
31 
 
10. Clare, F., Daniel, O., Garner, T., & Fisher, M. (2016). Assessing the ability of 
swab data to determine the true burden of infection for the amphibian pathogen 
Batrachochytrium dendrobatidis. Ecohealth, 13(2), 360-367. 
 
11. Collins, J., & Storfer, A. (2003). Global amphibian declines: Sorting the 
hypotheses. Diversity and Distributions, 9(2), 89-98. 
 
12. Colon-Gaud, C., Whiles, M. R., Kilham, S. S., Lips, K. R., Pringle, C. M., 
Connelly, S., & Peterson, S. D. (2009). Assessing ecological responses to 
catastrophic amphibian declines: Patterns of macroinvertebrate production and 
food web structure in upland panamanian streams. Limnology and Oceanography, 
54(1), 331-343. 
 
13. Cushman, S. (2006). Effects of habitat loss and fragmentation on amphibians: A 
review and prospectus. Biological Conservation, 128(2), 231-240.  
 
14. D'Aoust-Messier, A., Echaubard, P., Billy, V., & Lesbarreres, D. (2015). 
Amphibian pathogens at northern latitudes: Presence of chytrid fungus and 
ranavirus in northeastern Canada. Diseases of Aquatic Organisms, 113(2), 149-
155.  
 
15. Daszak, P., Berger, L., Cunningham, A., Hyatt, A., Green, D., & Speare, R. 
(1999). Emerging infectious diseases and amphibian population declines. 
Emerging Infectious Diseases, 5(6), 735-748. 
 
16. Daszak, P., Cunningham, A., & Hyatt, A. (2003). Infectious disease and 
amphibian population declines. Diversity and Distributions, 9(2), 141-150.  
 
17. Daszak, P., Strieby, A., Cunningham, A., Longcore, J., Brown, C., & Porter, D. 
(2004). Experimental evidence that the bullfrog (Rana catesbeiana) is a potential 
carrier of chytridiomycosis, an emerging fungal disease of amphibians. 
Herpetological Journal, 14(4), 201-207. 
 
18. Duffus, A. L. J., Pauli, B. D., Wozney, K., Brunetti, C. R., & Berrill, M. (2008). 
Frog virus 3-like infections in aquatic amphibian communities. Journal of 
Wildlife Diseases, 44(1), 109-120. 
 
19. Eskew, E. A., Worth, S. J., Foley, J. E., & Todd, B. D. (2015). American 
bullfrogs (Lithobates catesbeianus) resist infection by multiple isolates of 
Batrachochytrium dendrobatidis, including one implicated in wild mass mortality. 
Ecohealth, 12(3), 513-518. 
 
20. Fisher, M. C., Henk, D. A., Briggs, C. J., Brownstein, J. S., Madoff, L. C., 
McCraw, S. L., & Gurr, S. J. (2012). Emerging fungal threats to animal, plant and 
ecosystem health. Nature, 484(7393), 186-194. 
 
 
32 
 
21. Fisher, M. C., Garner, T. W. J., & Walker, S. F. (2009). Global emergence of 
Batrachochytrium dendrobatidis and amphibian chytridiomycosis in space, time, 
and host. Annual Review of Microbiology, 63, 291-310.  
 
22. Garmyn, A., Van Rooij, P., Pasmans, F., Hellebuyck, T., Van den Broeck, W., 
Haesebrouck, F., & Martel, A. (2012). Waterfowl: Potential environmental 
reservoirs of the chytrid fungus Batrachochytrium dendrobatidis. Plos One,7(4), 
e35038.  
 
23. Garner, T. W. J., Perkins, M. W., Govindarajulu, P., Seglie, D., Walker, S., 
Cunningham, A. A., & Fisher, M. C. (2006). The emerging amphibian pathogen 
Batrachochytrium dendrobatidis globally infects introduced populations of the 
North American bullfrog, Rana catesbeiana. Biology Letters, 2(3), 455-459.  
 
24. Garner, T. W. J., Walker, S., Bosch, J., Leech, S., Rowcliffe, J. M., Cunningham, 
A. A., & Fisher, M. C. (2009). Life history tradeoffs influence mortality 
associated with the amphibian pathogen Batrachochytrium dendrobatidis. Oikos, 
118(5), 783-791. 
 
25. Gascon C (2007) Amphibian Conservation Action Plan. IUCN/SSC Amphibian 
Specialist Group, Gland, Switzerland and Cambridge, UK. 
 
26. Gerlanc, N., & Kaufman, G. (2005). Habitat of origin and changes in water 
chemistry influence development of western chorus frogs. Journal of 
Herpetology, 39(2), 254-265. 
 
27. Gray, M. J., Miller, D. L., & Hoverman, J. T. (2009). Ecology and pathology of 
amphibian ranaviruses. Diseases of Aquatic Organisms, 87(3), 243-266.  
 
28. Gray, M. J., Miller, D. L., & Hoverman, J. T. (2012). Reliability of non-lethal 
surveillance methods for detecting ranavirus infection. Diseases of Aquatic 
Organisms, 99(1), 1-6.  
 
29. Green D.E., Converse, K.A., & Schrader, A.K. (2002) Epizootiology of sixty-four 
amphibian morbidity and mortality events in the USA, 1996–2001. Ann NY Acad 
Sci 969:323–339. 
 
30. Greer, A., Berrill, M., & Wilson, P. (2005). Five amphibian mortality events 
associated with ranavirus infection in south central ontario, canada. Diseases of 
Aquatic Organisms, 67(1-2), 9-14. 
 
31. Hamer, A., Makings, J., Lane, S., & Mahony, M. (2004). Amphibian decline and 
fertilizers used on agricultural land in south-eastern Australia. Agriculture 
Ecosystems & Environment, 102(3), 299-305. 
 
 
33 
 
32. Hanselmann, R., Rodriguez, A., Lampo, M., Fajardo-Ramos, L., Aguirre, A., 
Kilpatrick, A., . . . Daszak, P. (2004). Presence of an emerging pathogen of 
amphibians in introduced bullfrogs Rana catesbeiana in Venezuela. Biological 
Conservation, 120(1), 115-119.  
 
33. Homan, R. N., Bartling, J. R., Stenger, R. J., & Brunner, J. L. (2013). Detection of 
ranavirus in Ohio, USA. Herpetological Review, 44(4), 615-618. 
 
34. Houlahan, J., Findlay, C., Schmidt, B., Meyer, A., & Kuzmin, S. (2000). 
Quantitative evidence for global amphibian population declines. Nature, 
404(6779), 752-755.  
 
35. Hyatt, A. D., Boyle, D. G., Olsen, V., Boyle, D. B., Berger, L., Obendorf, D., 
Dalton, A., Kriger, K., Hero, M., Hines, H., Phillott, R., Campbell, R., Marantelli, 
G., Gleason, F., & Colling, A. (2007). Diagnostic assays and sampling protocols 
for the detection of Batrachochytrium dendrobatidis. Diseases of Aquatic 
Organisms,73(3), 175-192.  
 
36. IUCN 2016. The IUCN Red List of Threatened Species. Version 2016-2. 
<http://www.iucnredlist.org>. Downloaded on 04 September 2016. 
 
37. Johnson, A.F. and Brunner, J.L. (2014). Persistence of an amphibian ranavirus in 
aquatic communities. Diseases of Aquatic Organsims.111, 129–138. 
 
38. Johnson, M., and Speare, R. (2003). Survival of Batrachochytrium dendrobatidis 
in water: quarantine and disease control implications. Emerging Infectious 
Diseases, 9,922–925. 
 
39. Johnson, M., & Speare, R. (2005). Possible modes of dissemination of the 
amphibian chytrid Batrachochytrium dendrobatidis in the environment. Diseases 
of Aquatic Organisms, 65(3), 181-186.  
 
40. Johnson, P. (2006). Amphibian diversity: Decimation by disease. Proceedings of 
the National Academy of Sciences of the United States of America, 103(9), 3011-
3012.  
 
41. Kilpatrick, A. M., Briggs, C. J., & Daszak, P. (2010). The ecology and impact of 
chytridiomycosis: An emerging disease of amphibians. Trends in Ecology & 
Evolution, 25(2), 109-118.  
 
42. Kirshtein, J. D., Anderson, C. W., Wood, J. S., Longcore, J. E., & Voytek, M. A. 
(2007). Quantitative PCR detection of Batrachochytrium dendrobatidis DNA 
from sediments and water. Diseases of Aquatic Organisms, 77(1), 11-15.  
 
43. Knutson, M., Sauer, J., Olsen, D., Mossman, M., Hemesath, L., & Lannoo, M. 
(1999). Effects of landscape composition and wetland fragmentation on frog and 
 
34 
 
toad abundance and species richness in Iowa and Wisconsin, USA.Conservation 
Biology, 13(6), 1437-1446. 
 
44. Kriger, K.M., Hines, H.B., Hyatt, A.D., Boyle, D.G., & Hero, J. (2006). 
Techniques for detecting chytridiomycosis in wild frogs: comparing histology 
with real-time Taqman PCR. Diseases of Aquatic Organsims. 71(2), 141-148. 
 
45. Lesbarreres, D., Balseiro, A., Brunner, J., Chinchar, V. G., Duffus, A., Kerby, J., . 
. . Gray, M. J. (2012). Ranavirus: Past, present and future. Biology Letters, 8(4), 
481-483.  
 
46. Longcore, J., Pessier, A., & Nichols, D. (1999). Batrachochytrium dendrobatidis 
gen. et sp. nov., a chytrid pathogenic to amphibians. Mycologia, 91(2), 219-227.  
 
47. Mao, J., Hedrick, R., & Chinchar, V. (1997). Molecular characterization, 
sequence analysis, and taxonomic position of newly isolated fish iridoviruses. 
Virology, 229(1), 212-220. 
 
48. McCallum, M.L. (2007). Amphibian decline or extinction? Current declines 
dwarf background extinction rate. Journal of Herpetology, 41, 483–491. 
 
49. Meyer, E. A., Cramp, R. L., Bernal, M.H., and Franklin, C.E. (2012). Changes in 
cutaneous microbial abundance with sloughing: possible implications for 
infection and disease in amphibians. Diseases of Aquatic Organisms, 101, 235-
242. 
 
50. Miller, D., Gray, M., & Storfer, A. (2011). Ecopathology of ranaviruses infecting 
amphibians. Viruses, 3(11), 2351-2373.  
 
51. Mossman, M. J., L. M. Hartman, R. Hay, J. Sauer, and B. Dhuey. 1998. 
Monitoring long term trends in Wisconsin frog and toad populations. Pages 169–
198 in M. J. Lannoo, editor. Status and conservation of midwestern amphibians. 
University of Iowa Press, Iowa City. 
 
52. Muths, E., Gallant, A.L., Campbell, E.H.C., Battaglin, W.A…. (2006) The 
Amphibian Research and Monitoring Initiative (ARMI): 5-year report. US 
Geological Survey Scientific Investigations Report 2006-5224. 
 
53. Nazir, J., Spengler, M., & Marschang, R.E.(2012). Environmental persistence of 
amphibian and reptilian ranaviruses. Diseases of Aquatic Organisms, 98, 177–
184. 
 
54. Olson, D. H., Aanensen, D. M., Ronnenberg, K. L., Powell, C. I., Walker, S. F., 
Bielby, J., Garner, W. J., Weaver, G., The Bd Mapping Grp, & Fisher, M. C. 
(2013). Mapping the global emergence of Batrachochytrium dendrobatidis, the 
amphibian chytrid fungus. Plos One, 8(2), e56802.  
 
35 
 
 
55. Ouellet, M., Mikaelian, I., Pauli, B., Rodrigue, J., & Green, D. (2005). Historical 
evidence of widespread chytrid infection in North American amphibian 
populations. Conservation Biology, 19(5), 1431-1440. 
 
56. Pace, A. E. (1994). Systematic and biological studies of the leopard frogs (Rana 
pipiens) of the United States. Miscellaneous Publications of the Museum of 
Zoology, University of Michigan, 148, 1-140. 
 
57. Paloski, R.A., T.L.E. Bergeson, A.F. Badje, M. Mossman, and R. Hay (eds). 
(2014). Wisconsin Frog and Toad Survey Phenology Survey Manual PUB-NH-
743. Bureau of Natural Heritage Conservation, Wisconsin Department of Natural 
Resources, Madison, WI. 21 pp. 
 
58. Pessier A. P. and Mendelson, J. R (2010) A manual for control of infectious 
diseases in amphibian survival assurance colonies and reintroduction programs. 
IUCN/SSC Captive Breeding Specialist Group, Apple Valley, MN 
 
59. Pounds, J., Bustamante, M., Coloma, L., Consuegra, J., Fogden, M., Foster, P., La 
Marca, E., Masters, K. L., Merino-Viteri, A., Puschendorf, R., Ron, S. R., 
Sanchez-Azofeifa, G. A., Still, C. J., & Young, B. E. (2006). Widespread 
amphibian extinctions from epidemic disease driven by global warming. Nature, 
439(7073), 161-167.  
 
60. Rojas, S., Richards, K., Jancovich, J., & Davidson, E. (2005). Influence of 
temperature on ranavirus infection in larval salamanders ambystoma tigrinum. 
Diseases of Aquatic Organisms, 63(2-3), 95-100. 
 
61. Schock, D. M., Ruthig, G. R., Collins, J. P., Kutz, S. J., Carriere, S., Gau, R. J., . . 
. Popko, R. A. (2010). Amphibian chytrid fungus and ranaviruses in the northwest 
territories, Canada. Diseases of Aquatic Organisms, 92(2-3), 231-240.  
 
62. Skerratt LF, Berger L, Speare R, Cashins S, McDonald KR, et al. (2007) Spread 
of chytridiomycosis has caused the rapid global decline and extinction of frogs. 
EcoHealth 4: 125–134. 
 
63. Stuart, S., Chanson, J., Cox, N., Young, B., Rodrigues, A., Fischman, D., & 
Waller, R. (2004). Status and trends of amphibian declines and extinctions 
worldwide. Science, 306(5702), 1783-1786.  
 
64. Taylor, B., Skelly, D., Demarchis, L., Slade, M., Galusha, D., & Rabinowitz, P. 
(2005). Proximity to pollution sources and risk of amphibian limb malformation. 
Environmental Health Perspectives, 113(11), 1497-1501.  
 
 
36 
 
65. Wake, D. B., & Vredenburg, V. T. (2008). Are we in the midst of the sixth mass 
extinction? A view from the world of amphibians. Proceedings of the National 
Academy of Sciences, 105, 11466-11473. 
 
66. Webb, R., Mendez, D., Berger, L., Speare, R. (2007). Additional disinfectants 
effective against the amphibian chytrid fungus Batrachochytrium 
dendrobatidis.Diseases of Aquatic Organisms, 74, 13–16. 
 
67. Weir, L A. and Mossman, M.J. (2005). North American Amphibian Monitoring 
Program (NAAMP). pp. 307-313 in Lannoo, M.J. (ed). Amphibian Declines: 
Conservation Status of United Status Species. Universoty of California Press, 
Berkeley 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
37 
 
VI. APPENDIX 
Table A1: Anuran call survey site locations and water type. 
Site Name Water Type GPS Coordinates 
Jenny Lake Permanent – Lake 46.18555, -89.677382 
Jenny Lake Ephemeral 
Pond #2 
Temporary – Ephemeral 
Pond 
46.18453, -89.676561 
Jenny Lake Ephemeral 
Pond #1 
Temporary – Ephemeral 
Pond 
46.182624, -89.679776 
Sanford Lake Permanent – Lake 46.18227, -89.684366 
Pothole #2 Permanent – Marsh/Lake 46.178094, -89.674936 
Bluegill Lake Permanent – Lake 46.185039, -89.664057 
Bluegill Lake Ephemeral 
Pond 
Temporary – Ephemeral 
Pond 
46.182009, -89.665892 
Garlic Mustard Alders Temporary – Ephemeral 
Pond 
46.172502, -89.661951 
Wolf Creek Permanent – Creek 46.154671, -89.678053 
Flora Lake Permanent – Lake 46.177524, -89.654751 
Flora Lake Ephemeral 
Pond 
Temporary – Ephemeral 
Pond 
46.175696, -89.655842 
Beaver Dam Permanent – Pond 46.171178, -89.651118 
Wolf Lake  Permanent – Lake 46.164941, -89.665841 
Bear Lake (Picnic Spot) Permanent – Lake 46.166267, -89.685423 
Bear Lake (Warming 
House) 
Permanent – Creek/Lake 46.171118, -89.691219 
Casino Bridge Permanent - Creek 46.156474, -89.686701 
Marsh Walk Permanent – Marsh/Lake 46.151724, -89.67064 
Home Lake Permanent – Lake 46.147685, -89.663604 
 
 
38 
 
 
Figure A1. Geographical Information Systems (GIS) map of Dairymen’s Inc. in Vilas 
County, Wisconsin with a description of vegetation types as well as named large-bodied 
lakes. 
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Figure A2. Anuran call survey data sheet 
